We describe three corrections that should be applied to the observed relative incidence of nearby stars hosting giant planets. These are diffusion in the stellar atmosphere, use of the [Ref] index in place of [Fe/H] for metallicity, and correction for local sampling with the W velocity. We have applied these corrections to a subset of the SPOCS exoplanet survey with uniform giant planet detectability. Fitting the binned data to a power law of the form, α10 β[F e/H] , we derived α = 0.022 ± 0.007 and β = 3.0 ± 0.5; this value of β is 50% larger than the value determined by . While the statistical significance of this difference is marginal, given the small number statistics, these corrections should be included in future analyses that include larger samples.
INTRODUCTION
Since the correlation between the metallicity of a star and the presence of giant planets was first discovered (Gonzalez 1997) , several research groups have worked to determine the precise functional form of the relationship Mortier et al. 2013; Neves et al. 2013 ). This relationship is important to know accurately, since it constrains planet formation models and simulations (Benz et al. 2014 ) and allows us to predict giant planet incidence in regions of the universe with different metallicity distribuitons relative to the solar neighborhood.
In most stellar chemical abundance studies the measured metallicity of a star's atmosphere is equated with the star's initial bulk metallicity. It has been known for many years that this assumption is not strictly correct, due, primarily, to the effects of atomic diffusion in a star's atmosphere. However, the magnitude of the error in metallicity made from ignoring diffusion is small or insignificant for most stars. For this reason, it has been considered justifiable to ignore the effects of diffusion given that the measurement errors are usually larger.
Some problems in modern astrophysics require very precise stellar metallicity data. Two examples are the local G dwarf metallicity distribution for constraining Galactic chemical evolution and the metallicity dependence of giant planet incidence. Both these examples would benefit from corrections for diffusion. We will focus only on the second example in the present study. Previous work on this topic has revealed that the incidence of giant planets is a very sensitive function of the [Fe/H] value of the host star . However, the precise functional form of this relation remains uncertain (Mortier et al. 2013; Neves et al. 2013 ). None of the prior studies corrected for the effects of diffusion.
There are two additional factors that should be considered in deriving the dependence of giant planet incidence on the metallicity of the host star. One is the definition of metallicity. Gonzalez (2009) introduced a new metallicity index, called " [Ref] ", which is better suited to relating the compositon of the host star to the formation of giant planets. Another factor is the correction for the bias in the selection of the samples used to examine the metallicity dependence of giant planet incidence. The volume-limited surveys of nearby stars necessarily undersample stars that spend most of their time far from the Galactic mid-plane. This can be corrected easily with the Galactic W velocity value for each star (Wielen et al. 1996) .
The purpose of the present study is to revisit the problem of the metallicity dependence of giant planet incidence and attempt to improve on previous determinations. In Section 2 we describe the three corrections to the observed incidence of nearby giant planets. In Section 3 we apply the corrections to a subset of the SPOCS sample ). We present our conclusions in Section 4. Mowlavi et al. (2012) In Adibekyan et al. (2012) .
CORRECTIONS TO PLANET INCIDENCE

Correcting for Diffusion
The motivation for introducing the [Ref] index is as follows. Iron is not the only abundant refractory element in the Solar System; magnesium and silicon have comparable number abundances and condensation temperatures to iron (Lodders et al. 2009 ). If we are interested in examining the elements that go into building giant planets, then we need to consider the sum of the masses of these three elements in a star. The [Ref] index to quantifies the mass abundances of Mg, Si and Fe relative to the Sun:
The name of the index, [Ref] , borrows the bracket notation from the standard number abundance notation, since the index is logarithmic and the abundances are relative to the Solar System values. "Ref" is short for "refractory."
Correcting for W Velocity
Samples of nearby stars will necessarily undersample stars that reach large distances from the Galactic mid-plane due to their space motions. Thick disk stars and older thin disk stars will thus be undersampled in surveys of nearby stars. Wielen et al. (1996) corrected for this selection bias by weighting metallicity values by | W+W |. In our analysis below we adopt Wielen's method with a value of 7 km s Table 3 ). To be included in their planet hosts sample, a star must satisfy three criteria: planet orbital period shorter than 4 yrs, K value greater than 30 m s −1 , and at least 10 observations over four years. Of the 850 stars in their subsample, 47 satisfy these criteria. They obtained α = 0.03 and β = 2.0 (no error bars were given). We will determine new estimates for the α and β parameters in the following. Starting with the same 850 star subsample (and the 47 host star subsubsample) of SPOCS employed by , we will calculate new distributions of giant planet incidence based on the three corrections discussed in the previous section. In order to calculate the diffusion correction using the interpolation equation from Section 2.1, we first need to compile mass and age estimates for the stars. Takeda et al. (2007) determined masses and ages for the SPOCS sample using Bayesian statistics. For some of the stars, they were not able to derive ages. We have adopted their mass and age esitmates with the following modifications. First, we deleted those stars lacking age constraints. If only a minimum age is quoted, and it is greater than 8 Gyr but less than 10 Gyr, then we set the age to 11 Gyr; if the minimum age is between 10 and 12 Gyr, we set the age to 12 Gyr; for minimum ages greater than 12 Gyr we set the age to the minimum age; if only a minimum age is given and it is less than 8 Gyr, we deleted the star. If only a maximum age is quoted and it is less than 3 Gyr, we set the age to half the maximum age; if only a maximum age is given and it is greater than 3 Gyr, we deleted the star. We also excluded stars with mass estimates less than 0.9, for which the age estimates tend to be less reliable. Although this procedure might seem inprecise, it is adequate for the purpose of calculating the diffusion metallicity corrections.
In order to apply the W velocity correction, we made use of the large database of space velocities from Bobylev et al. (2006) ; a few stars not in their study were supplemented with data from the Simbad database. Our final crossreferenced subsample from the 850 star subsample of SPOCS contains 581 stars; it consists of 39 planet hosting stars and 542 comparison stars. We show the distributions of the stars with planets (SWPs) and comparison stars in Figure 1 . The lowest value of [Fe/H] among the SWPs is -0.22 dex. Only one SWP and one comparison star are in the [Fe/H] = 0.5 -0.6 dex bin; for this reason, we exclude this bin from the subsequent analyses. It is instructive to plot the SWP incidence distribution for each correction we apply in order to compare the relative importance of each one.
The average values of the age and mass estimates of our planet hosts subsample are 6.7 ± 3.3 Gyr and 1.14 ± 0.20 M , respectively. The corresponding values for the comparison stars subsample are 5.6 ± 3.0 Gyr and 1.10 ± 0.16 M , respectively. The larger average age for the planet hosts relative to the comparison stars implies that the diffusion and W velocity corrections will be somewhat greater for the planet hosts.
In Figure 2 we display the fractional incidence of the planet host stars in each [Fe/H] bin from Figure 1 . The error bars were calculated using the method described by Cameron (2011); one-sigma upper and lower bounds are shown for each bin containing planet hosts. The distribution looks similar to the one from Figure 5 of . A weighted least-squares power-law fit to the data in Figure 2 yields α = 0.033 ± 0.006 and β = 2.1 ± 0.3. The fit includes data from the [Fe/H] = −0.3 bin to the 0.5 bin, and the weight for each bin was set to the inverse square of the error, where the error here is the mean of the magnitudes of the lower and upper error bounds. If, instead, we calculate the error bars using propagation of errors and Poisson counting statistics (as Fischer and Valenti did in their study), we obtain α = 0.034 ± 0.006 and β = 2.0 ± 0.3; these results are indistinguishable from those determined by them. This shows that we have not introduced significant biases in producing our subsample from their 850 star subsample of SPOCS.
In order to test the sensitivity of the results to the binning choices, we have repeated the above analysis (with the correct error bar calculations) with two changes to the binning. First, we changed the binning width from 0.1 to 0.15 dex; the best fit to this choice resulted in α = 0.031 ± 0.009 and β = 2.1 ± 0.5. Second, we kept the bin width at 0.1 dex but shifted the bins by 0.05 dex; the best fit to this choice resulted in α = 0.029 ± 0.006 and β = 2.3 ± 0.3. For both tests, the number of planet hosts included in analysis was the same as the nominal case. We conclude from these tests that the binning choices result in small changes to the solutions, which are smaller than the derived errors.
In Figure 3 we show the SWP fractional incidence data corrected for diffusion; [Fe/H]D is the observed [Fe/H] value corrected for diffusion using the interpolation equation from the previous section. The best-fit power-law to these data gives α = 0.023 ± 0.006 and β = 2.6 ± 0.4.
In Figure 4 we show the SWP fractional incidence distribution in terms [Ref] we assume that the diffusion correction is the same for Si, Fe and Ti. The best-fit power-law to these data gives α = 0.023 ± 0.004 and β = 2.8 ± 0.3.
It is instructive to note that the large increase in the fractional incidence of stars with planets in the most metalrich bin in going from Figure 4 to Figure 5 is due entirely to the decrease in the numbe of comparison stars in this bin (from 7 to 4 stars). This implies that the most metal-rich comparison stars tend to be more α-element poor than the most metal-rich planet host stars. It would be worthwhile to test this finding with a larger sample of very metal-rich stars and different ways of calculating [Ref] , e.g., using Mg instead of Ti.
Finally, in Figure 5 we show the SWP fractional incidence data in terms [Ref] DW, which is corrected for diffusion and the W velocity. The best-fit power-law to these data gives α = 0.022 ± 0.007 and β = 3.0 ± 0.5. These results are consistent with the broad range of parameter values reported by Neves et al. (2013) , who did not apply these corrections to their data.
CONCLUSIONS
We have applied three previously negelected corrections to the distribution of the local SWP fractional incidence. Application of each correction made a noticable difference to the distribution, though the W-velocity correction resulted in the smallest change. Our best fit to the distribution is modestly different from the one originally determined by al. (2014) for a recent large nearby stars spectroscopic survey showing these trends. ; our fit shows a greater sensitivity to metallicity. In this process we have replaced the traditional index for metallicity, [Fe/H] We advocate that these corrections be applied to any future determinations of the local SWP incidence. We also encourage the use of [Ref] 
